where the closed-loop arrangement of feeders is used to improve the reliability of power supply. The paper focuses on the neutral point grounding in the medium-voltage loops. They are established by closing feeders, supplied form different transformers, in closed-loop arrangement. It is shown in the case when the neutral points of transformers supplying the feeders are grounded, the fault current at the fault location can be doubled, without to influence the neutral point current, which could cause safety problems.
Introduction
The closed-loop arrangements of feeder can be used to improve reliability of power supply, voltage profiles and to reduce transmission losses in in medium voltage networks. The closed-loop arrangements of feeders can be classified as loops of the type I, type II and type III [1] . The type I loops are established by the closed-loop arrangement of two feeder supplied from the same transformer. The type II loop is established by the closed-loop arrangement of two feeders supplied from two different transformers located in the same substation. However, when the two transformers are located in two different substations, the two feeders in the closed loop arrangement form the type III loop. The papers [1] and [2] deal primarily with the loops of type I. They focus on the unbalance analysis and feasibility studies related to upgrading the feeders from the radial open-loop arrangement to the closed-loop arrangement.
Control of the loop distribution systems with distributed generation is discussed in [3] . The voltage angles and amplitudes at both end of the loop are used to control the active and reactive power in [4] . This paper focuses on the medium-voltage distribution networks where the loops of the types II and III are established primarily to improve the power supply reliability of extremely sensitive loads. Unfortunately, the closed-loop arrangement of feeders influences also the operational properties and performances of protection systems. Thus, the protection systems must be modified in order to work properly with feeders in the closed-loop arrangement. This paper focuses on the neutral point grounding in the loops of type II and III, where different transformers supply both feeders in the closed-loop arrangement. In the case study, it is shown how different groundings of the neutral points of both transformers influence the neutral point and fault currents. It is shown that when the neutral points of both transformers supplying the loop are grounded, the ground fault current at the fault location is doubled, while the neutral point current is unchanged when the operation with feeders in the closed-loop arrangement is compared with the operation with feeder in the open-loop arrangement.
Neutral point grounding
The term neutral point grounding is widely used in North America while in the rest of the world as well as IEC normally use the term neutral earthing. The problems related with the neutral point grounding are, among the other works, treated also in [5] [6] [7] . Considering different types and different values of the impedance that characterizes the element that connects the neutral point with the ground, it is possible to distinct among five different types of the neutral point grounding:
1. Isolated neutral point where an intentional connection between the neutral point and the ground does not exist; 2. Resistance grounding where a resistor with generally high resistance value is placed between the neutral point and the ground; 3. Reactance grounding where a reactor with generally low reactance value is placed between the neutral point and the ground; 4. Compensated grounding where a reactor with changing reactance that is applied to compensate the system capacitance is placed between the neutral point and the ground; 5. Direct grounding where the neutral point is connected directly to the ground.
The selection of an appropriate neutral point grounding depends on: technical properties related mainly to the power system function, overvoltages and fault currents; operational properties like maintenance and required operation under the fault; safety; investment coats and operation costs; local practices. The neutral point grounding must fulfill two contradictory requirements. The first one is the reduction of overvoltages while the second one is the reduction of earth fault currents. An overvoltage normally appears due to the lightning, switching and resonance in the system, and appearance of a ground fault and its elimination. An excessive overvoltage can lead the dielectric breakdown that can end with short-circuit. On the other hand, too high ground fault current can endanger people through the increased potential of conductive parts. It can thermally overload cable shielding and it can cause damage due to the arc the fault location. Through the induction it influences electric circuits in its vicinity. The type of neutral point grounding depends primarily on the properties of the electricity network where it is installed and on the established local practice. According to the practice established in Slovenian medium-voltage electricity distribution networks, in the case of existing transformers, the neutral points at the 20 kV side of transformers 110 kV/20 kV are mostly resistance grounded through 80  resistors. However, in the last years many systems with resistance grounding were updated to the compensated grounding. This paper focuses on the systems with resistance grounding. Discussed are some of the problems related with the neutral point grounding that appear when the network operation changes from the operation with the open-loop arrangement of feeders to the operation with closed-loop arrangement of feeders.
Discussed system
The discussed system is located in the substation Krško, Slovenia. It is shown in Fig. 1 . The two transformers 110 kV/20 kV, marked with TR1 and TR2, supply the busbars S1 and S2 and through them the feeders SR1 and SR2, which operate in the open-loop arrangement or in the closed-loop arrangement. The neutral points of both transformers can be grounded either individually, using two 80  resistors, or the neutral points of both transformers can be connected and grounded together, using only one 80  resistor. Fig. 2 shows the discussed system in the form of a block diagram used in dynamic model. The measurement points at the terminals of both transformers are marked with M3 and M4 while the measurements points at both feeders are marked with M31 and M41. The switch shown in Fig. 2 is used to change between the operation of feeders in the open-loop arrangement and in the closed-loop arrangement. The position where the ground fault is simulated is clearly marked in Fig. 2 . The dynamic model of the system, schematically shown in Figs. 1 and 2 , is used to calculate the zero component current and the fault current at the fault location in the case when the neural points of the transformers are grounded individually and in the case when the neutral points are connected and grounded with only one resistor.
Results
Figs. 3 to 6 show the time behaviors of the voltages u, the currents i, the active power P, and the reactive power Q in the measurement points M3, M4, M31 and M41. They are given for the cases of operation where the neutral points of the two transformers are grounded individually and where the neutral points of transformers are connected together and grounded with only one resistor. The results presented in Figs. 7 to 10 clearly show that, when the neutral points of both transformers are grounded individually and the feeders are in the closedloop arrangement, the earth-fault current at the fault location is doubled with respect to the feeders in the openloop arrangement. However, the currents through the neutral points are unchanged. This drawback can be eliminated in the case when the neutral points of both transformers are connected and grounded with only one resistor. 
Conclusion
Feeders in the closed-loop arrangement can substantially improve the power supply reliability, voltage profiles and electric power transmission losses. However, before closed-loop arrangement of feeder can be implemented, problems related with proper realization of protection should be solved.
